Context: Determining human epidermal growth factor receptor 2 (HER2) status is critical for the management of early-stage breast cancer (ESBC). An understanding of HER2 testing practices can provide insight into how test results influence the use of HER2-directed therapy. 7% pre-2007), and the overall HER2+ rate was decreased (18.7% versus 21.9%), but this was not statistically significant (P=0.519). Most patients with HER2+ ESBC received HER2-targeted therapy (N=185). Conclusion: The HER2+ rate was 17% and within the range of the reported rates in the literature. Reflex testing identified additional HER2+ tumors by approximately 10%, and should be considered a potential quality indicator. ASCO/CAP HER2 testing guidelines in 2007 appeared to impact the interpretation and classification of HER2+ tumors.
Introduction
Assessment of the expression of human epidermal growth factor receptor 2 (HER2) is recommended by the joint American Society of Clinical Oncology and the College of American Pathologists (ASCO/CAP) guidelines and the National Comprehensive Cancer Network (NCCN) in all patients with invasive breast cancer. [1] [2] [3] Abnormal HER2 amplification is present in 10%-34% of invasive breast cancer tumors. 4 HER2-amplified (HER2+) tumors were historically associated with poor prognosis; however, HER2-directed therapies (trastuzumab, lapatinib, pertuzumab, and ado-trastuzumab emtansine) have demonstrated improved outcomes. A recently published meta-analysis of randomized trials investigating the use of trastuzumab (Genentech, Inc., San Francisco, CA, USA), a HER2 receptor antagonist, among women with HER2+ early-stage breast cancer submit your manuscript | www.dovepress.com
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stenehjem et al (ESBC) found that patients receiving treatment regimens that included trastuzumab had significantly improved survival (all P,0.0001). 5, 6 This emphasizes the importance of testing for HER2 positivity to provide appropriate therapy for patients with HER2+ breast cancer.
Determining HER2 biomarker expression in ESBC and subsequent prescribing patterns can be instrumental for understanding how these agents are used in routine clinical practice to improve outcomes. Several tests are approved by the United States Food and Drug Administration (FDA) to determine HER2 status, including immunohistochemistry (IHC), fluorescence in situ hybridization (FISH), and chromogenic in situ hybridization. 7 The most frequently utilized tests are IHC and FISH, of which IHC is used in 80% of tested tumors, 4 but this methodology can have a discordance rate up to 20% when followed by FISH testing in a small laboratory. 8 In 2007, ASCO/CAP estimated that approximately 20% of tests may have been incorrect, and guidelines were released standardizing the HER2 testing methodology with clear definitions for HER2 positive, negative, and equivocal tumors by IHC and FISH. 2 Recently, these guidelines were updated (2013), readdressing the methodology that defines the HER2-equivocal and positive groups by IHC and FISH, and which includes new testing platforms. 9, 10 The 2007 guidelines were reverted by recent guidelines, with the recommendation for circumferential, intense, and complete membrane staining in .30% of cells for IHC equivocal (IHC2+) and positive (IHC3+) tumors to the previous definition of staining in .10% of cells, which was used prior to 2007 and was included in the adjuvant trastuzumab trials. 10 The purpose of this study was to assess HER2 testing practices, the rate of HER2+ disease, and trastuzumab use in patients diagnosed with ESBC. Our study period allowed us to compare HER2 testing patterns and outcomes prior to and after the implementation of the 2007 ASCO/CAP guidelines on HER2 testing.
Methods
study population
This study is an observational study consisting of a cohort of female patients diagnosed with ESBC from January 
statistical analysis
Descriptive statistics including means and standard deviations (SDs) for continuous variables, as well as counts and percentages for categorical variables were utilized to summarize the findings. The chi-square test of homogeneity was used to determine whether the distribution of the HER2 test results was similar across clinical characteristics. The distribution of HER2 test results was also compared by patient characteristics such as age, race/ethnicity, insurance plan type, Utah residency, as well as by clinical characteristics, such as year of diagnosis, estrogen receptor (ER) and progesterone receptor (PR) status, lymph node involvement, histologic grade, American Joint Committee on Cancer Tumor Node Metastasis (TNM) staging, and modified Charlson Comorbidity Index. 12 All statistical tests were evaluated at an α=0.05 level.
Results
A total of 2,389 female patients with breast cancer were identified between 2005 and 2012 ( Figure 1 ). The overall cohort size for this analysis was 1,458 patients with stage 1 (49%; number [n] =710), 2A (26%; n=374), 2B (13%; n=197); and 3A (12%, n=168) after applying the inclusion and exclusion criteria. Of these 1,458 female patients with ESBC, 26 patients (2%) had an unknown HER2 status; neither chart review nor the tumor registry contained any information on the patients' HER2 status. A total of 1,233 patients (86%) had detailed information in the EHR regarding HER2 testing history, and 199 patients only had their final HER2 status documented without a HER2 testing history.
The average (SD) age of the women at the time of ESBC diagnosis was 57 (±13) years (Table 1 ). The majority were white (84.2%), from the state of Utah (77.4%), and had commercial medical insurance coverage (51.0%). Modified Charlson Comorbidity scores were evenly distributed with scores of 0, 1, 2, and $3 corresponding to 26.5%, 26.1%, 20.6%, and 26.8% of all ESBC patients, respectively. Tumor grade differed according to tumor stage at diagnosis. More than half (54.2%) of those diagnosed with stage 3A disease had grade 3 tumors. Approximately one-fourth (25.3%) of patients with stage 1 disease had grade 3 tumors.
A total of 1,802 tests for HER2+ status were performed in the entire cohort (n=1,458). Of all tests conducted, IHC was the most commonly ordered (75.4%), followed by FISH (23.5%), and other test types (1.1%). IHC was also most often to be the first test conducted (96.8%), followed by FISH (2.9%), and other tests (0.3%). A total of 245 tumors (17%) were determined to be HER2+. (ER/PR) expression, tumor grades, and stages of breast cancer. Patients between the ages of 18 years and 30 years had the highest rate of HER2 positivity (40.0%) followed by those aged 31-45 years (23.3%), 46-64 years (16.7%), 65-79 years (12.2%), and .80 years (9.0%). The highest percent of HER2+ tumors was found in hormone receptor (HR)-negative tumors (31.6%; 84 of 266 patients) compared to HR+ tumors (12.7%; 146 of 1,148 patients). In terms of proportion, of 245 HER2+ tumors, 60% were HR+, 34% were HR-, and 6% were unknown. HER positivity was more frequent in grade 3 tumors (24.5%) than grade 1 (7.5%) or 2 (14.6%). Stage also correlated with HER2 positivity (Figure 2 ). HER2-directed therapy was administered in 186 of 245 (76%) HER2+ patients. A total of 185 patients with HER2+ ESBC received adjuvant trastuzumab and one received adjuvant lapatinib on a clinical trial protocol. No HER2-or equivocal patients received HER2-directed therapies (Figure 1 ). A total of 59 patients did not receive HER2-directed therapy, yet had HER2+ tumors. The most commonly reported reason for not administering trastuzumab was a low risk of recurrence within these patients (n=18). Other documented reasons for the lack of use of HER2-directed therapies in patients with HER2+ tumors included loss to follow-up (n=9), unknown (n=11), not clinically appropriate due to age or comorbidity (n=10), patient relocated (n=4), and patient declined (n=7 
Histologic grade
Grade 3 (n=542) Stage 2A (n=374) Stage 2B (n=197)
Stage at diagnosis
Stage 3A (n=168) 0 18-30 (n=30) Negative (n=286) Positive (n=1,149) Negative (n=439) Positive (n=980) Progesterone receptor Estrogen receptor 31-45 (n=258) 46-64 (n=731) 65-79 (n=361)
Age (years)
≥80 (n=78)
Discussion
This is one of the few cancer registry studies assessing the rate of HER2+ disease and the use of HER2-directed therapy in ESBC. This study also examined HER2 testing patterns, expression, and the use of reflex testing in patients with ESBC, providing new insight into HER2 testing patterns and the degree to which the results of the test influence prescribing patterns at an academic cancer hospital. This study was also able to uniquely assess the reasons for the lack of use of HER2-directed therapy in HER2+ patients. A longitudinal assessment of HER2 test results before and after the publication of the 2007 ASCO/CAP HER2 testing guidelines was also conducted. In this study, the overall prevalence of HER2 positivity in ESBC patients was determined to be 17%. This result is consistent with other reported estimates in the literature. [13] [14] [15] A study of ESBC patients from the national SEER registry estimated HER2 positivity at 16%, with more stage 2 and fewer stage 1 patients in the cohort. 13 An additional study documented the proportion of patients that were positive for PR, ER, and HER2 at 11.4% compared to our report of 13.3%. 14 Since 2001, ASCO and the NCCN have recommended HER2 testing for all newly diagnosed, recurrent, or metastatic breast cancers. 1, 16 However, despite these recommendations for universal HER2 testing, our analysis identified 26 (2%) patients in whom no HER2 status could be confirmed, either by chart review or by review of the documentation in the tumor registry. Similar studies of breast cancer patients have also demonstrated a lack of universal testing. 13, 15, 17 Increased institutional efforts are needed to ensure proper documentation of HER2 testing results.
The subgroup analysis of this study is consistent with previous reports. The published literature indicates the different incidence rates of HER2 positivity by age. 18 Cronin et al 13 found rates of HER2 positivity of 19% in female ESBC patients ,50 years of age and 15% in those $50 years of age. A study of invasive breast cancer patients found the highest percentage of HER2 positivity (24.7%) in the youngest age cohort (20-39 years). 19 Rates of HER2 positivity have also been shown to differ according to ER and PR status. Studies of breast cancer patients have demonstrated an inverse relationship between HER2 and ER levels. 13, 19, 20 Similarly, this study also indicated significant differences in the percentage of HER2 positivity across ER status: the highest percentage of HER2 positivity was found in those with ER-tumors.
This study also assessed the use of reflex testing. The ASCO/CAP and NCCN guidelines for HER2 testing recommend either IHC or FISH as an initial testing method. 1, 2 Utilization of IHC testing with reflexive testing to FISH for IHC2+ results is a common algorithm across many institutions, since IHC testing is less expensive to conduct and can 
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her2 testing and utilization of her2-directed therapy be preserved on slides. 15, 17 Testing methods that rely on newer technologies, such as chromogenic in situ hybridization, were used infrequently in this study. Given the availability and benefit of HER2-directed therapies, the need for correct and reproducible HER2 test results are paramount. 21 Oftentimes, a single reflex test is all that is needed to obtain definitive HER2 status in equivocal cases. 4 In this study, reflex HER2 FISH testing was able to provide a definitive HER2 result following equivocal IHC results in the majority (269 of 291, or 92.4%) of cases, identifying an additional 29 (10%) HER2+ patients who would benefit from available HER2-directed therapies. As such, reflex testing should be underscored as a potential quality indicator in clinical practice.
The 2007 ASCO/CAP HER2 testing guidelines raised the threshold for a positive IHC assay to .30% uniform intense HER2 membrane staining versus the previously defined .10% staining. 10 Our study results indicate that this guideline change may have resulted in reclassifying approximately 5.9% of IHC3+ tumors to IHC2+, which is consistent with other reports of increased IHC2+ tumors during this time period. 22, 23 Additionally, although not significant, the proportion of HER2+ patients did decrease after guideline publication (4.2%), which is consistent with other reports documenting a 3% difference. 23 These results suggest that 3%-4% of ESBC patients under the 2007 HER2 testing guidelines were not eligible for adjuvant trastuzumab based on the 2007 ASCO/CAP IHC staining recommendations unless they were reflex tested with FISH.
Recently, the ASCO/CAP guidelines were updated (2013), reverting the 2007 recommendation for circumferential, intense, and complete membrane staining in .30% cells for IHC equivocal (IHC2+) and positive (IHC3+) tumors to the previous definition of .10%, which was used prior to 2007 and was included in the adjuvant trastuzumab trials. 10 Additionally, the FISH dual-probe HER2/CEP17 (HER2/ chromosome 17 centromere) ratio for HER2 positivity was also reverted to $2.0 from $2.2, as proposed in the 2007 guidelines.
Overall, use of HER2-directed therapies within the study population appeared appropriate. All of the patients receiving HER2-directed therapies were considered HER2+. Other studies have demonstrated similar findings, with reports of 100% of trastuzumab utilization in HER2+ patients. 15, 17 However, there are some opportunities for improvement in the utilization of HER2-directed therapies in those patients that tested HER2+, but that did not receive any targeted therapy. This study allowed for the exploration as to why patients were not receiving HER2-directed therapy in HER2+ cases. The most commonly reported reason for not administering HER2-directed therapy was a low risk of recurrence based on stage or other treatments received. The use of HER2-directed therapies for HER2+ subcentimetric (,5 mm; .5 mm but ,10 mm) node-negative tumors has not been studied in randomized controlled trials; however, these tumors may have a higher risk of recurrence than HER2-tumors. 24, 25 Current NCCN guidelines recommend the use of HER2-directed therapy for subcentimetric HER2+ tumors on a case-by-case basis, balancing the risk of toxicity with the uncertain absolute benefit of therapy. 1 Further research is needed to assess the benefit of HER2-directed therapy in subcentimetric, node-negative tumors. In eleven of 59 cases, nearly 20% of the time, there was no explanation given as to why HER2-directed therapy was not administered. In other instances, the reasons for a lack of use appeared justifiable. Overall, utilization of HER2-directed therapies in HER2+ patients, as well as appropriate documentation for the lack of use, should also be considered key quality indicators in ESBC in addition to reflex testing.
There are several limitations of this research that should be considered. The results from this study were from a single institution and may not be generalizable to a larger population or geographic area. Data from medical charts and tumor registries can be subject to missing data and coding errors. Information bias is possible since the method used to obtain the tissue sample (core biopsy or excised tissue) was not recorded. The source of the tissue (primary tumor versus lymph node or distant metastases) may influence the result of a HER2 test. 26 Additionally, this analysis did not assess blockto-block heterogeneity 27 or chromosome 17 polysomy, 28, 29 which may impact HER2 interpretation. Final HER2 status was determined, when available, from data contained within the patient's medical chart. In instances when the information was not available in the chart, the final HER2 status was determined by the status recorded in the tumor registry. HER2 status was not a recorded measure in the tumor registry until 2010. Beginning in 2010, concordance of HER2 status between the medical charts and tumor registry could be assessed. The time between HER2 tests was not measured as part of this study, but it may be an interesting consideration for future studies. Barron et al 15 found a mean delay of 45 days between a patient's first equivocal result and a second HER2 test. The present study did not have a sufficient sample size to detect the impact of 2007 ASCO/CAP HER2 testing guidelines on HER2 test results. Additionally, this study was conducted prior to the implementation of the 2013 ASCO/ CAP guidelines and, therefore, future studies are needed to assess the potential impact of these updated guidelines on HER2 testing outcomes in community settings. 
Conclusion
This study is one of few studies that linked a cancer registry with an EHR database to assess the rate of HER2+ disease in ESBC. The HER2+ rate was found to be 17% and within the range of rates reported in previously published studies. The importance of reflex testing should be underscored; a confirmatory test with FISH after an initial test with IHC2+ helped to identify additional HER2+ tumors by approximately 10%. The use of trastuzumab among those with HER2+ tumors was consistent with guideline recommendations. Lastly, the publication of the 2007 ASCO/CAP guidelines on HER2 testing appeared to have an impact on testing practices during prior years, resulting in a shift in the classification of tumors from IHC3+ to IHC2+, as well as an increase in reflex testing. Guidelines on HER2 testing are influential and appear to have an impact on testing practices and the identification of patients with HER2+ disease.
